In this chapter, we present findings regarding the ways in which the results of international studies of student achievement have influenced the teaching and learning of mathematics in the classroom. We put forward a model of curriculum composed of four levels (global, intended, implemented, and attained) and four dimensions (conceptual, cognitive, formative, and social). This model allows us to describe the differences between two major international studies of student achievement-the Trends in the International Mathematics and Sciences Study (TIMSS) and the Programme for International Student Assessment (PISA)-and to situate the influences of these studies on classroom practice. Our search revealed that the question of how these studies have directly affected practice has not been systematically addressed. Although we found that some influences of the international studies on classroom practice do exist-for example, in the language used in public documents, in the localization of curriculum design, and in the impact of using imported textbooks-research on these influences has been conducted mostly in isolation, without any coherent plan. We use our curriculum model to propose a research agenda on three major areas: the impact of the notion of competency and the use of the studies' frameworks; curriculum control, design, and management; teacher preparation and development and textbook use.
Our charge for this chapter is to present an account of efforts that have been made to take advantage of the information that international studies of student achievement offer to alter practice: the day to day of teaching and learning mathematics in classrooms. This chapter is complementary to Dossey and Wu's chapter D7, which speaks about the impact that these studies have had at the policy level.
Comparative education in mathematics is an old enterprise (e.g., Cairn, 1935; Young, 1900, pp. 3-4) . Only after the 1960s did the efforts to investigate how students from different countries perform in mathematics become more systematic and collaborative, involving a larger number of nations and educational systems (Bottani, 2006; Husén, 1967; Robitaille & Travers, 1992; Schmidt & McKnight, 1995; Travers & Westbury, 1989) . Although there are many arguments for and against participating in studies that contrast student attainment across countries (see, e.g., Bracey, 1998; Freudenthal, 1975; Husén, 1983; Keitel & Kilpatrick, 1998; Kilpatrick, 1971; Robitaille & Travers, 1992) , there is an anticipation that the community will benefit from these studies, from the "research findings, the methods used in research, and [their] theoretical constructs" (Ferrini-Mundy & Schmidt, 2005, p. 169) . Indeed, it is believed that these studies can serve as valuable sources of data and information against which educators in a given country can compare and contrast the curriculum, the teaching practices, and the outcomes attained by students in their own system. The possible impact of alternative curricular offerings, teaching strategies, administrative arrangements, and the like can be estimated efficiently by examining their implementation in other jurisdictions, even when the countries are quite dissimilar culturally or economically. … Achievement comparisons can also provide indications about what is possible … what can be accomplished. They should serve as a spur and incentive for improvement. (Robitaille & Travers, 1992, p. 707, emphasis added) As the emphasized words suggest, these are hypothetical expectations that researchers have formulated about comparative studies. This chapter presents our efforts in assessing the extent to which these studies have indeed influenced practice, directly or indirectly; whether alternative "curricular offerings, teaching strategies, administrative arrangements, and the like" have indeed occurred, and if they have, whether they have resulted in the changes or real effects on learning and attitudes toward mathematics of students and on the teaching of school mathematics in the participating countries and elsewhere. We discuss the ways in which these studies have been "catalysts" for research that informs certain levels of practice (Ferrini-Mundy & Schmidt, 2005) and the ways in which they have been sensitive to cultural variation (Clarke, 2003) .
We organized the chapter into three sections. We start by presenting a conceptualization of curriculum that allows us to organize our findings regarding ways in which the Trends in International Mathematics and Science Study (TIMSS) and the Programme for International corresponds to what is actually taught to students in classrooms by teachers; it refers to the interpretations of the intended curriculum made by teachers, who are directly responsible for helping students learn. The attained curriculum corresponds to what students demonstrate that they have learned (via standardized tests, including the international studies tests, and classroom assessment) as a consequence of the teaching received. Figure 1 . Different versions of the curriculum; adapted from Travers and Westbury (1989) . This view of curriculum presupposes different degrees of expertise in curriculum design at each level and assumes that teachers and students have little agency in designing the curriculum, accepting and agreeing with the information from the previous level. In particular, teachers are expected to use what is given to them (goals for society, goals for schooling, textbooks, official syllabi) to make decisions about what is best for the students they have. This view of curriculum suggests that the studies are expected to exert a major influence at the policy level; that is, that the results will be used to shape intentions of the whole system that in turn will influence what will happen in the classrooms and with students, as those intentions get transformed into action.
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The TIMSS mathematics framework developed for the 1995 study consists of three aspects: content domains (numbers; measurement; geometry; proportionality; functions, relations and equations; data representations, probability, and statistics; elementary analysis; and validation and structure), processes or performance expectations (knowing, using routine procedures, investigating and problem solving, mathematical reasoning, and communicating), and the affective outcomes or perspectives of school mathematics and science (attitudes, careers, participation, increasing interest, and habits of mind). The participating countries agreed upon the content domains, whereas the performance category was "aligned to the [U.S. National Assessment of Educational Progress NAEP]'s concepts of mathematical abilities and mathematical power, both with roots in the [National Council of Teachers of Mathematics] NCTM standards" (Mullis, 1999, p. 15) . Note that this definition encompasses more than content, although content is a main component of this framework. 2 We acknowledge that this model excludes the possibility that after implementation, changes can be made to the intention of the curriculum. This local view of curriculum transformation is not necessarily accounted for in this model.
Intended Curriculum:
What the society expects their students to learn. Described in: -National or state standards -Master syllabi -Textbooks -Lesson Plans
Implemented Curriculum:
What teachers and students do in their classrooms. Described in: -Surveys of time spent on different topics -Descriptions of quality of activities done in the classroom -Video
Attained Curriculum:
What students learn. Described in: -Student performance on standardized tests -In class examinations (tests, homework, quizzes, projects) PISA departs from a content-focused approach. Indeed, the first paragraph of the PISA assessment framework states a contrasting view:
The aim of the OECD/PISA assessment is to develop indicators of the extent to which the educational systems in participating countries have prepared 15-yearolds to play constructive roles as citizens in society. Rather than being limited to the curriculum content students have learned, the assessments focus on determining if students can use what they have learned in the situations they are likely to encounter in their daily lives. (OECD, 2003, p. 24, emphasis added) The PISA mathematics framework uses three components to describe a domain to be assessed in relation to the problems that students are expected to solve: (a) the situations or contexts in which the problems are located, (b) the mathematical content that has to be used to solve the problems, organized by certain overarching ideas, and, most importantly, (c) the competencies that have to be activated in order to use mathematics to solve real world problems. Content is organized into four "overarching ideas: quantity, space and shape, change and relationships, and uncertainty" (pp. 35-37). Mathematical competence is described in terms of eight specific competencies: "(a) thinking and reasoning, (b) argumentation, (c) communication, (d) modeling, (e) problem posing and solving, (f) representation, (g) using symbolic, formal and technical language and operations, and (h) use of aids and tools" (pp. 40-41). The cognitive activities encompassed by these competencies have been structured in three competency clusters: "(a) reproduction, (b) connection, and (c) reflection" (pp. 41-49).
The PISA framework introduces the idea of mathematical literacy in order to emphasize a functional view of school mathematics: tools that should enable students to make well-founded judgments and be useful in students' lives as citizens. Thus, conceptually, PISA seeks to assess the extent to which schools have indeed prepared students for participation in the society, whereas TIMSS assesses the extent to which students show proficiency with particular mathematical content at specific points in their school life. We take these differences into account by we situating the two studies as attending to two different aspects of what we will propose as curriculum.
Curriculum in This Chapter
So far, we have identified three levels for the curriculum: the intended, implemented, and attained. Within the intended level, we distinguish several sublevels: The first is the education system that is particular to each individual country and in turn can be differentiated by national or federal, regional and state, or district mandates or guidelines; second, at the school level, we include the plans schools use, perhaps adapted or adopted directly from federal, national, or regional mandates or guidelines; and third is the classroom level which refers to the plans that teachers create for teaching particular lessons, using their institutional, district, state, or national guidelines or other sources. In contrast to these multiple sublevels, the implemented curriculum manifests mainly in the classroom, 3 whereas the attained curriculum manifests mainly through students' performance, both through class assessments and through standardized tests when available. These levels are represented in Figure 2 . We illustrate the flow of the suggested influences by a gray arrow in the background. Figure 2 . Levels of the curriculum considered in this chapter.
Concurrently with these levels, the curriculum is composed of four dimensions: conceptual, cognitive, formative, and social (Rico, 1997) 4 The conceptual dimension refers to content and topics that are specific to a given discipline; it defines those elements particular to a discipline (e.g., mathematics, the sciences) that are a synthesis of historical and cultural traditions; this dimension is informed by epistemology and the history of mathematics and defines larger cultural aims. The cognitive dimension refers to learning and the learner, and deals with understanding what learning is, how it happens, and how do different people learn; it also has particular manifestations depending on a given discipline; it is directly informed by learning theories and defines specific expectations, development, and learning aims. The formative dimension refers to teaching and the teacher; it deals with aspects such as what teaching is and what mathematics teaching is; it specifies practices that are believed to be useful for teaching (e.g., planning, differentiating instruction) and it provides the basis for generating programs for future and practicing teachers; it is informed by pedagogical theories and defines formative aims. The social dimension refers to the value that the society places on the utility and usefulness of the mathematical knowledge; it deals with questions such as Which criteria determine the mathematical capacity of an individual, which instruments are used to judge the mathematical capacity of an individual? What social mechanisms support that judgment? How and with what criteria are teachers' capacity and curriculum materials judged? [And] which criteria are used to assess the effectiveness of a curriculum? (p. 385) This dimension is informed by sociology and other disciplines, and it defines social aims.
Hence, curriculum can be conceived as involving levels-from the national educational system through the classroom-and four dimensions, as described above. At a given level, each dimension of curriculum acquires a specific meaning. At the classroom level, which is of particular interest for this chapter, the conceptual dimension of the curriculum refers to the mathematics topics that configure the content of a given grade or teaching unit; the learning goals of such grade or teaching unit are the expression of the cognitive dimension of the curriculum; the formative dimension of the curriculum refers to the teaching methodology set up for the grade or teaching unit; finally, the assessment instruments and criteria selected for the grade or teaching unit configure the social dimension of the curriculum at the classroom level.
For the purposes of this chapter, we include in our model two additional elements. First, there is a global level, which in the abstract refers to the possibility of having a curriculum that transcends individual systems and that could operate, in fact, as a global curriculum-a curriculum that is common to many education systems. Although not curricula themselves, the frameworks of the international studies can be seen as part of a global level because they represent the agreements across several education systems and nations towards a common set of content and learning expectations that will be used to assess students (Clarke, 2003) . Second, in the attained level we focus on and distinguish between students' performance as assessed via national standardized tests or via tests produced by the international studies.
Because each of these dimensions manifest at different levels-at the level of classroom practice, at the administrative level of a particular school, and at the larger level of an educational system-we have combined these definitions with the tripartite version of the curriculum to generate a matrix that allows us to situate the different manifestations of curriculum, and we have added several levels to better represent the different influences that we were able to identify (Figure 3) . In spite of their differences in emphasis, we situate the frameworks of TIMSS and PISA at the global level; and because both TIMSS and PISA are concerned with what students have learned and suggest content (TIMSS) and competencies (PISA) that are considered relevant, these studies relate to the conceptual and cognitive dimensions only. The NCTM (2000) Principles and Standards for School Mathematics and official syllabi in individual countries with centralized curricula can fall also into the conceptual and cognitive dimensions. The NCTM (1991, 1995) 48 governors, 5 are an attempt at a definition of content and learning outcomes at a national level, and it would be situated at the conceptual and cognitive dimensions of the national level. Some countries (e.g., Spain) include specific mandatory norms for each of these dimensions at the national level, whereas others (e.g., Colombia) only give guidelines, suggestions, at the cognitive level (learning expectations). In Asian countries, the ministries of education are empowered to oversee the development of their national curriculum, which all schools follow. The national curricula tend to attend primarily to content, but over the last 10 years more emphasis has been placed on mathematical processes. In some countries, there are national teachers' guides that include ideas about how students can learn or how topics should be 5 To date, 40 states plus the District of Columbia have adopted these standards.
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taught (e.g., Cyprus, South Korea). In some countries there might be information about these areas, but these appear o\in teachers' editions of student textbooks and might be totally unregulated (e.g., the United States). With this definition as a backdrop, we turn now to the task for this chapter.
Influences of Comparative Studies
To address the question driving this chapter, we searched several sources to acquire reports, documents, and articles related to the topic. We approached key informants in academia and in ministries or bureaus of education in several countries seeking information about possible studies that would speak about the impact of these international comparative studies at the classroom level. These key informants were able to identify researchers and sources from which we sought further information. Library searches provided dissertations, conference presentations, reports, books, and journal articles.
The majority of the studies that we found, including the most recent ones, were primary and secondary analyses of the results of the international studies. Studies in this group mined the richness of the data sets in order to establish connections between the variables collected at country, school, classroom, teacher, and student level with the scores obtained. Because the international comparison studies have been increasing in their sophistication, more powerful analyses have been conducted. These studies did not document changing practice or study possible changes to practice; rather, they sought to understand and explain the sources of differences in scores between and within countries. For this reason, we did not include these studies. We also excluded studies that mentioned students' performance (either high or low) to justify attending to a specific issue of educational interest, but we kept studies in which substantive elements of the studies (the frameworks, the test items, or the findings) were used.
We discuss here the only study that was very close in nature to the charge that we had for this chapter, and which anticipated our findings: There is very little documented evidence that the studies have reached classrooms in a significant way. The study, by Saracho (2006) , describes in detail some of the policies taken by countries to improve their PISA results as consequence of their participation in PISA 2000 and 2003. The study was commissioned by the OECD in Latin America and conducted by the Mexican foundation IDEA [Implementation, Design, Evaluation and Analysis of Public Policies]. Its sources of information were documents, secondary sources, and news, together with phone interviews and questionnaires answered by specialists, public officers, and university professors in the countries involved. The 14 countries analyzed (Austria, Belgium, Brazil, England, France, Germany, Ireland, Luxembourg, Mexico, the Netherlands, Norway, Poland, Spain, and Sweden) were selected according to the availability of information, the "size" of their reactions to the PISA 2000 results, and their relevance to the Mexican case. Even though the report focused on policy reactions, it included issues related to the influence of PISA in the classroom and provided an overview of how each country reacted to the publication of the 2000 and 2003 results. Even though Saracho was interested in the impact of PISA in schools and classrooms, he states explicitly that he did not find any evidence of this impact. Nevertheless, he documented some reactions that could, indirectly, influence the teaching and learning of mathematics in the classroom, and where pertinent, we included these findings in our review.
A second group of documents used elements of the international comparison of achievement studies-their frameworks, the released items, or the videos-to induce some change and to test the impact of those changes. Included in this group are studies that capitalized on the logic of "data-driven" analyses, by which changes at the local level can be initiated and evaluated using information that is of interest to the participants. We included these studies in the review even though they do not assess the impact of the changes.
A third group of studies reported actions taken looking at what successful countries do and consequently adopting salient elements believed to be directly associated with that success. The three most prominent cases are the shift of the locus of control for curriculum development from higher to lower levels, the incorporation of Japanese lesson study, and the adoption of Singapore mathematics textbooks. We included these studies, and in the case of the textbooks, we included available information about their impact in the classroom.
Thus, what we offer is an inventory of projects, activities, and programs whose impetus can be traced to either PISA or TIMSS and that may have a direct or indirect connection to classroom practice. We believe that the inventory is not comprehensive, as many reports may exist that are unavailable. The majority of the initiatives have not been formally studied to assess their impact: How are they used? By how many people? What do teachers and students perceive about their effectiveness? And how are they related to student and teacher performance? Nevertheless, we believe that they merit consideration for their potential to generate substantive research in the future. Because both PISA and TIMSS have tests on science, when available we included works conducted in science education because they suggest possible uses that may have been given in mathematics, although we have not been successful in finding documentation of these uses.
We provide selected examples, classified by the main categories of influences that we were able to document. Within each category, we include details of how it was exemplified in individual countries as a consequence of either PISA or TIMSS. The readers will notice that most of the examples related to PISA focus on two regions, Europe and Latin America, and that most of the examples related to TIMSS focus on South East Asia and the United States, which reflect the regional impact of these studies. Dossey and Wu (this section) note that in terms of reactions to the studies, some countries (usually the high-performing ones) assume a congratulatory approach, and in general may not worry about making specific changes in their own systems; other countries assume an indifferent position, taking the results as yet another indicator of performance, with little interest in making changes; a third group of countries use their students' performance as a justification for engaging in activities that would alter practice. These last countries provide the examples of influences that we report here.
Our conceptualization of curriculum allows us to better understand and situate the influences that we have identified in our search. We start with the model presented in Figure 3 and use numbered arrows to depict those influences ( Figure 4 ). We have identified two sets influences by looking at where they originate: at the global level (Influences 1 and 2) or at the attained level of the international studies (Influences 3 to 7). Each influence starts at a particular dimension of these levels and ends in more than one level and dimension, illustrating that a specific aspect of the international studies can influence different features of a country's mathematics curriculum. The first set of influences start at a global level, with the frameworks proposed by the international studies. The two influences that can be tracked down to each level of the intended curriculum are as follows:
1. competencies and standards in official documents; and 2. the adaptation and adoption of the frameworks and the items used in these studies. Influence 1 starts at the cognitive dimension of the global level; it represents how the frameworks that have been used by the international studies, concretely PISA's, have had an effect on the cognitive dimension at all the other levels of the intended curriculum via the notion of competencies. In Spain, for example, a number of documents have been written at all the levels of the intended curriculum, targeting student learning of these competencies. Influence 2 starts at both the conceptual and cognitive dimension of the global level to show how the content and learning expectations in these studies have been used as benchmarks for standards and attainment, influencing various levels of the intended curriculum. 
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The second set of influences corresponds to those that we could track as consequence of the results of students' performance in the tests. The influences originate at the attained level, but they refer in particular to the results of tests generated by the international studies, rather than to the results of tests created by individual education systems), and go "up" to the intended level. We identified five different types of influences:
3. localization of curriculum design; 6 4. national changes in assessment processes; 5. the implementation of cycles of data analysis to design, enact, and assess changes; 6. professional development and teacher education; and 7. use of textbooks from other countries.
In Figure 4 , we represent Influence 3, related to localization of curriculum design, with Arrow 3 from the social dimension of the attained level (results of the international studies) to the intended national/federal level expressing the influence that these results of the studies have had, in some countries, on giving more freedom to schools in designing all the dimensions of the mathematics curriculum, whereas Arrow 4 represents influences of the results of the tests on assessment processes at the intended national level. Arrow 5 represents the influence of the results of the tests on curriculum on all the dimensions of curriculum at the intended school level, whereas Arrows 6 and 7 represent influences of the results of the tests on teaching methods both at the school and classroom intended levels.
The reader will, by now, have noticed that the arrows start at strategic points from which the influences could be expected according to the conceptualization of the international studies-a global, overarching level, and with their outcomes-and that the arrows end at various places in the intended level, none of them reaching the implemented level. This is in itself an important finding for us. There have been no systematic investigations on how these studies have reached the classroom.
In the next two sections, we describe these two sets of influences. Readers will note that the sections are uneven in the amount of information provided. This unevenness is a consequence of the types of documentation that we were able to secure; the differences in depth reveal, indirectly, the amount of information available about each type of influence.
From the Global Level to the Intended Curriculum
In this section, we describe the influences we established in Figure 4 that originate in the global level of or our curriculum model and that affect the intended curriculum. We briefly describe the studies and documents that illustrated the ways in which these influences were operating.
Competencies and standards in official documents (Influence 1
). An important influence of these studies in several countries (mostly Latin American and European) has been on the language used in public and political discussions of education. The notion of competencies has gained currency, presumably because it is the word used in the PISA frameworks. The word competencies has been included in several national documents and in a European directive (Education Council, 2006) , where it refers to competencies for lifelong learning. Competencies are meant to go beyond specific school content or skills:
The assessment of student performance in selected school subjects took place with the understanding, though, that students' success in life depends on a much wider range of competencies. … A competency is more than just knowledge and skills. It involves the ability to meet complex demands, by drawing on and mobilising psychosocial resources (including skills and attitudes) in a particular context. For example, the ability to communicate effectively is a competency that may draw on an individual's knowledge of language, practical IT [information technology] skills and attitudes towards those with whom he or she is communicating. (OECD, 2003, pp. 3-4) In reality, and perhaps unsurprisingly, a noticeable change in official rhetoric might have little impact on actual classroom practices, as a number of concrete cases suggest. In Europe, the 2006 directive for the development of competencies for lifelong learning (Education Council, 2006) recommends "that Member States develop the provision of key competences for all as part of their lifelong learning strategies, including their strategies for achieving universal literacy" (p. L 394/11). Since then, most European countries have introduced the idea of competency in their curricula, giving rise to what can be called a competency-clash:
Not only do different notions of competence clash with each other, but the new educational 'gospel' of standards, competencies, and outcome-orientation is at odds with [the countries'] traditions, such as content-based curricula and inputorientation (i.e., regulating the structures, processes and conditions of teaching and learning). (Sloane & Dilger, 2005 , cited by Ertl, 2006 Spanish authorities explained the country's results in PISA by arguing that because the Spanish curriculum was centered in content, Spanish teaching focused on teaching such content (Arias, 2006) , and hence Spanish students were not being prepared for the PISA tests. One action taken to address this concern was to distribute translations of the PISA's executive summary and framework to all schools nationwide, with which the idea of competency entered the Spanish educational discourse. Rico (2011) has noted that "the PISA assessment model has been determinant for the Spanish educational system" (p. 4). In fact, the new national curriculum seeks that students improve their command of basic competencies and introduces competency as the basis for curriculum innovation (Blanco & Rico, 2011; Maestro, 2006; Rico & Lupiáñez, 2008, pp. 104-106, 208-213) . This was also the case in the most autonomous regions in Spain (Ferreras, 2006; Graña, 2006) , with many deciding to participate in future PISA tests with a representative sample or a census of their students (J. A. Gómez, 2006) , making the need to prepare students on those competencies more pressing. Naturally this shift in language has also had an impact on the preparation of teachers and the design of textbooks.
The results of PISA 2000 marked a milestone in Germany because the country ranked 21st among the 31 countries that participated in the study. The reactions to these results were known as the "PISA shock. " No other country had a bigger reaction to the results (Gruber, 2006) . Besides the media reaction, there was also a reaction in academic and political circles. Many articles and books were written on the results and on possible strategies to improve them; teacher preparation and development courses were offered, and several educational policies were implemented. In particular, new standards were introduced for middle school based on the idea of competency, together with standardized tests assessing students' performance on those standards (Neumann, Fischer, & Kauertz, 2010) .
Colombia, which has participated in TIMSS since the first study in 1995, and will take part in PISA for the first time in 2012, adopted the notion of standards in the late 1990s, along with other Latin-American countries (Palamidessi, 2006 2006). This document introduces some general processes that are similar in nature to PISA's competencies and sets standards for pairs of grades, organized by types of mathematical knowledge-for instance, communicating; modeling; and formulating, treating, and solving problems (MEN, 2006, pp. 51-55) . The Colombian standards are supposed to contribute to the development of competencies. This document has been distributed to most schools and teachers in the country. The ministry has organized conferences and teacher-training events with the purpose of explaining the standards and the idea of competency. But, "teachers do not use the standards" (Monica López, personal communication, March 16, 2010) . Because schools are autonomous in designing and developing a curriculum based on these standards, and most public schools do not provide or require textbooks, the responsibility of curriculum design and development has fallen onto teachers, who usually produce so-called teaching guides for implementing instruction in their classrooms. A study by P. Gómez and Restrepo (2011) found that the word competency seldom appears in the school planning for any given grade. Furthermore, when the word appears, it is interpreted in many ways, usually differently from what the Basic Standards of Competencies document intended and most notably to refer to learning goals for a specific content topic and grade level, which is contrary to the original meaning of competency.
In contrast, the use of standards and competencies does not seem to be a trend in Asia. Singapore, Hong Kong, and Japan, three of the Asian countries with outstanding results in TIMSS and PISA, do not refer to standards or competencies in the mathematics curriculum. Singapore's mathematics curriculum is based on its problem-solving curricular framework that focuses on five key components: skills, attitudes, concept, metacognition, and processes. This framework has been used since it was first implemented in 1990. Since then, there have been some changes to the curriculum in order to keep abreast with the shift of global trends towards a knowledge-based economy. For example, in 1998, there was an increased focus placed on thinking and processes as well as a trimming of some content (Kaur, 2003) . However, there was no specific reference to TIMSS or PISA. There have however been numerous secondary analyses using the TIMSS data, which indicate that the TIMSS has been used as an international benchmark to gauge the success of the mathematics curriculum in Singapore (e.g., Kaur, 2002 Kaur, , 2005 Kaur, , 2009 Kaur & Pereira-Mendoza, 2000a , 2000b .
Likewise, Hong Kong's curriculum does not directly refer to standards or competencies but rather focuses on the main aims of developing interest, communication, lifelong abilities, numeracy, spatial skills and understanding, and the acquisition of basic skills (Curriculum Development Council, 2000) . In Japan, the mathematics curriculum has been undergoing a process of revision since 2005. One of the main purposes of the revision is to address weaknesses as indicated by the PISA results, such as students having difficulty writing problems that require thinking, decision making, and expressing, and lacking motivation to learn (Ministry of Education Culture Sports and Science, 2010). The new revised course of study in the Japanese curriculum aims to prepare students through the acquisition of basic knowledge and skills and the development of abilities to think and to express ideas mathematically. Although the new curriculum indicates that there were considerations made based on concerns arising from the PISA results, it was not structured according to standards and competencies.
We found one Asian country, Indonesia, which explicitly mentions standards and competencies. The Indonesian mathematics standards use competencies to map the curriculum. The curriculum lists core competencies and corresponding student outcomes that can be used to indicate the achievement of these competencies (Departemen Pendidikan Nasional, 2003) . There were no clear references to the PISA frameworks in the curriculum, but because Indonesia has regularly participated in the PISA studies since 2000, the use of standards and competencies in the curriculum could perhaps serve as some evidence of the effects of PISA on the development of the mathematics curriculum.
Adaptation and adoption of frameworks and items (Influence 2).
Besides the influences noted above, in terms of the language used and how it has affected curriculum standards, we have anecdotal evidence that the TIMSS frameworks have influenced the redesign of U.S. curriculum guidelines at the state level. The extent of this influence is unknown, although one dissertation (Landry, 2010) looked at the alignment between the TIMSS or PISA frameworks and the content standards in several states in relation to the high or low performance of countries and states. Landry found that, from the content point of view, most of the standards in most of the states in the United States cover a wide variety of topics that were repeated year after year-a finding that is consistent with results of the curricular analysis for TIMSS conducted by Schmidt and colleagues (Schmidt, McKnight, Valverde, Houang, & Wiley, 1996) , which showed that in the United States topics tend to enter and stay longer in the curriculum than in other countries. Landry also found that high levels of alignment to the curriculum in high-performing countries and their assessments did not absolutely equate to high performance at the state level.
We have found that, in science education, researchers have used sections of the published questionnaires to create new instruments that are used in pretest-posttest designs to establish effectiveness of interventions (O. Lee, Deaktor, Enders, & Lambert, 2008; O. Lee, Deaktor, Hart, Cuevas, & Enders, 2005; Shymansky, Yore, & Anderson, 2004) . However, we could not locate similar papers produced by the mathematics education community.
From Attained to Intended Curriculum
In this section, we discuss the second set of influences: documents and reports that speak about the way in which the results of the international studies-the scores that students obtained-have influenced different levels of the intended curriculum.
Localization of curriculum design (Influence 3).
Most countries that perform well in PISA give local authorities the freedom to adapt curriculum (Schleicher & Shewbridge, 2008, p. 20) . In PISA, school autonomy for curriculum is measured with an index of school responsibility for curriculum and assessment. This index is derived from categories that school principals classify as being the responsibility of schools (establishing student-assessment policies, choosing textbooks, and determining which courses are offered and the content of those courses; OECD, 2010, p. 68). For instance, in reading literacy, school autonomy has a statistically significant positive relationship with students' performance (OECD, 2005, p. 71) . However, when these findings are controlled for student and school-level factors, the relationship between school autonomy and students' performance is weak (p. 72).
Nonetheless, these results have led countries to push for more school autonomy, assuming that such change might have a larger effect on students' learning than other aspects of schooling. In Germany, for example, the decision was taken to give more authority to the states, with the central bureau prescribing a few core ideas (rather than all the curricular content), giving schools the autonomy for finishing the curriculum (Ertl, 2006) , and requiring at the same time "external and internal assessments (of schools and students)" (p. 626). Such a shift has resulted in teachers in some states becoming responsible for developing the whole curriculum for their schools, thus localizing the design of the curriculum. Although it is too early to establish the impact of such reform (Kotthoff & Pereyra, 2009) , in Germany, the perception is that the process is problematic, because German teachers are not qualified to assume responsibilities as curriculum designers and developers. Similar claims about the positive impact of giving more autonomy to schools to design curriculum have been made in Australia (Liberal Party of Australia, 2010).
Spain is also moving towards localization of curriculum design. In early March 2011, two major Spanish autonomous regions (Madrid and Catalonia) decided to transfer the authority of deciding 35% of the curriculum to schools-pending approval by the autonomous region (Alcaide & Álvarez, 2011; Bassells, 2011) -as a means to improve teaching:
The autonomy of schools for looking for better solutions for their context is being recognized recently as one of the most recurrent strategies for improving teaching; that is what can be assumed, for instance, from several OECD studies, like the PISA report. (Alcaide & Álvarez, 2011, p. 38, trans. by authors) The movement towards localization of curriculum design is not necessarily a consequence of the studies. Colombia is an example of curriculum localization that occurred prior to its participation in the international studies. The 1994 Colombian Education Law established that "the autonomy is a consequence of the will for differentiating each educational community, paying attention to different needs and expectations; it seeks that each educational institution educate citizens that can solve the problems of their own environment" (MEN, 1994, article 77, trans . by authors).
Assessment (Influence 4).
A common justification for low performance on the PISA examinations has been that students have little experience with standardized tests. According to Saracho (2006) , although the influence of PISA has been limited, mainly because of the absence of a mechanism to inform schools about individual results, schools and teachers are feeling more inclined to agree about the need of accountability of results and are more willing to have standardized test results disaggregated at the school and classroom level, something that "was an alien notion until recently" (p. 27, see also Dossey & Wu, this section).
The case of Poland illustrates an indirect influence of the results of PISA on the definition of a standardized test, MATURA, which is administered at the end of the secondary school and serves both as a diagnostic tool of the performance of the education system and as an admission test for postsecondary education. The annual character of the test allows for tracking the effectiveness of changes and the identification of areas that need further change. The Polish results in PISA were useful in overcoming the public's and the schools' skepticism about the usefulness of the proposed test (Saracho, 2006) .
Danish students obtained results that were close to the OECD average, which raised concerns in Denmark given its high expenditure in education. A government study named the lack of a standardized assessment culture in the country and low levels of satisfaction with the education system as possible reasons for the outcomes (OECD, 2004) . In Brazil, another country whose students scored low in PISA, the government recently introduced a new system of periodic standardized assessment of students' performance (Saracho, 2006) . Some Spanish regions (e.g., Andalusia) have introduced, by decree, diagnostic assessments in schools based on competencies (Junta de Andalucía, 2007) . These diagnostic assessments have no influence on students' grades and are designed and implemented by schools. Their purpose is to establish the level at which students have developed basic competencies and help schools make decisions about their curriculum. Likewise, the Department of Education of the Autonomous Region of Navarra is promoting self-and external-assessment in schools. The department anticipates that external assessments will encourage new teaching practices and that the PISA framework can be used to enrich the curriculum. In order to ensure coherence between the school assessments and the PISA tests, the department has defined, for each knowledge domain, specific guidelines for improving reading competencies at all grade levels, and published standards in language, mathematics, and science based on the PISA framework. Regarding problem-solving competency in mathematics, the guidelines proposed that teachers use problems modeled on the PISA items during instruction, a suggestion in the formative dimension at the regional level. A web page has been set up with information concerning PISA with proposals for improvement in each area (Ferreras, 2006) . This is a first step in the datadriven approach to reform that we discuss next.
Data-driven approaches to reform (Influence 5).
A report by the U.S. National Research Council (1999) suggested that a way to capitalize on the results of these large-scale studies of achievement at the ground level (namely, schools and classrooms) is by using local results to initiate a process of self-reflection. This report was a direct outgrowth of the TIMSS study, and its focus was on the training of professional developers who could direct and assist schools in initiating the data-driven, self-reflection process. The process starts with teachers (schools or districts) getting acquainted with TIMSS, its design and its findings, analyzing the implications in their own contexts, and finding a particular focus of attention (e.g., student achievement or curriculum alignment). Teachers (schools or districts) can analyze data about student achievement in the TIMSS test or carry out a content analysis (guided by the TIMSS content analysis process) by which they can determine the extent to which the content is aligned with the framework that guided the design of the TIMSS test. This analysis should lead to the identification of a specific problem to work on: an area in which there is low student performance combined with an analysis of the content coverage for that area, and may result in a suggestion for a change (e.g., emphasize or de-emphasize instruction on certain topics). The change is monitored in order to determine its effectiveness, and this analysis starts the cycle again ( Figure 5 ). An important step in this cycle is benchmarking: testing a large sample of students to generate a baseline for later comparisons (similar to the Andalusian diagnostic tests). According to the report, several efforts emerged from this initial work (e.g., the Chicago area's First in the World Consortium, the Lake Shore school district in Michigan, and an urban school in Patterson, New Jersey). We found some documentation of these efforts in newspaper articles (e.g., Dunne, 2000) and descriptive reports (Kimmelman, et al., 1999) but little in terms of assessment of their outcomes.
We found one dissertation that studied how a group of teachers immersed in a professional learning community in one school took advantage of this cycle of data analysis to improve their practice and collected data on the impact of this process. In her dissertation, Figueroa (2008) used information from the analysis of lessons from the TIMSS Video Study (Stigler, Gonzalez, Kawanaka, Knoll, & Serrano, 1999; Stigler & Hiebert, 1997 , 1999 to generate a modified version of a TIMSS lesson plan 7 that was piloted and used by several elementary teachers in a school in Arizona. The teachers engaged in a 2-year process of learning about the process of creating the lessons, presenting them, getting feedback, and redesigning the lessons for a new application.
8 Several elements of a lesson study process were present, including time that allowed the teachers to learn the method, seek resources, plan lessons, and observe each other teaching. In this very prescribed process, the observers were trained to take notes on the percentage of students who could remember the strategies taught, were engaged in the problemsolving process, articulated the strategy, applied the strategy, were assessed for mastery/nonmastery of the learning strategy, and could relate the activities to the learning strategy. An evaluation of the impact of this 2-year initiative followed a pre-post-test design with a group of 65 fourth graders in the school. The analysis revealed a statistically significant increase in the posttest scores with respect to the pretest scores and a statistically significant association between time of test and categories of performance in the state test. The author suggests that the method may be useful in helping districts improve their students' scores on state tests. Unfortunately, this study has a problematic design that does not control for students' prior knowledge, for other students' characteristics, or for the quality of implementation of the lessons. The process relied on external funding, and there were no indications of attempts to sustain the effort.
In the United States, a large study led by William Schmidt and Joan Ferrini-Mundy from Michigan State University, Promoting Rigorous Outcomes in Mathematics and Science Education (PROM/SE) might provide information about the effectiveness of this approach for reform. PROM/SE is an 8-year grant that uses assessment of students and teachers to improve standards and content coverage, simultaneously building capacity with teachers and administrators. It involves over 300,000 students and 18,000 teachers in two states, Michigan and Ohio. The reports produced to date apply the logic model used to design TIMSS, capitalizing on many of their analytical strategies to deal with those data (Promoting Rigorous Outcomes in Mathematics and Science Education [PROM/SE], 2006a , 2006b , 2009a , 2009b , 2009c . In addition, the reports illustrate vividly the kind of educational system that exists in the United States, one characterized by extreme variation that leads to substantial inequalities, not only between districts but within schools as well, variation which appears to be strongly determined by the differential access to resources (economic, cultural, and intellectual) of the community.
Teacher education and professional development (Influence 6
). An example of influence on teacher education comes from Germany, as a reaction to unsatisfactory results in PISA (Ertl, 2006) . The purpose of the SINUS 9 project is to implement better learning environments at more than 1000 schools. The project defined a strategy that was tested and later disseminated to schools (Lindner, 2008) . The strategy is based on curriculum design, through teachers' meetings, implementation in the classroom, and sharing of the experience. The purpose is to develop and share a new teaching and learning model that breaks the German tradition, which is characterized by a strong emphasis on practicing rules and algorithms, little attention to competencies such as modeling, compartmentalization of subjects, teaching methods that induce students to be passive, and an inappropriate mixture of learning and assessment (Blum, 2004, p. 1) . Teams of three to ten teachers meet six to eight times a year for 2 to 3 years. The meetings deal specifically with subject issues and teaching methods, and teachers are expected to produce curriculum designs that will be implemented in their classrooms. Once the learning environments are implemented, the team evaluates the experience and produces improvements to the original design (Blum, 2004) . The program has had positive effects as shown in a large-scale comparison schools tested in PISA 2003 (Ostermeier, Prenzel, & Duit, 2010, p. 303) . This process is similar to that of lesson study (described in the next section) and to some aspects of the data-driven approach.
Poland used the PISA results for validating its educational reform. Poland's reform included several policies related to teacher education, development, and promotion: encouraging the improvement of teachers' social and economic status, introducing transparent mechanisms for promotion, improving teacher knowledge and competencies for the classroom, and offering permanent opportunities for teacher development. The improvement of Poland's PISA results seem to give credence to the need and importance of maintaining these policies (Barber & Mourshed, 2007; Saracho, 2006, pp. 17-18 ).
In addition, we found at least three ways in which professional development and teacher education have benefited from the results of the international studies. First, many initiatives have capitalized on the availability of videos of mathematics classrooms from several countries collected through the TIMSS video study. Second, the Japanese lesson study has been used to engage teachers in improving mathematics lessons over time. And third, materials for teachers explaining the meaning of the changes in the curriculum and giving suggestions about using new textbooks have been produced.
Videos
The potential to generate change by observing practice has been the basis for developing professional development programs that make the analysis of video an important component (Kersting, Givvin, Sotelo, & Stigler, 2010; Roth & Givvin, 2008) . It is undeniable that the availability of the TIMSS videos has been useful to many activities in which instruction is analyzed, both in programs of preparation of future teachers and in professional development, although the practice had been in place before the availability of these videos. However, there is no documentation about how these videos have been used in either of these settings.
Most of the findings of the analysis of the TIMSS video study are descriptive, focusing on characterizing the nature of instruction in different countries, documenting what has been termed the lesson signature (Givvin, Hiebert, Jacobs, Hollingsworth, & Gallimore, 2005; Stigler & Hiebert, 1999 ), a particular way in which lessons are deployed in each country, which allows observers to understand other practices. Watching substantially different ways to organize instruction helps make visible features that are taken for granted in one's own culture. Only recently, a website presenting full lessons from different countries participating in TIMSS (Australia, Czech Republic, Hong Kong, Japan, the Netherlands, Switzerland, and the United States for mathematics, Australia, Czech Republic, Japan, the Netherlands, and the United States for science) has been made public. 10 In this website, viewers can watch and listen to a variety of English-subtitled eighth-grade lessons and download the lesson plans, a map of the class, and a one-page visual description of the lesson.
11 The lessons illustrate the many differences between countries in terms of instruction. A main purpose of this site is to offer video study readers a way to corroborate the main findings about instruction in these countries. The site also anticipates being generative of new ideas for teachers as they prepare lessons. Naturally, teachers, teacher educators, and professional developers will use these lessons in a variety of ways, and it may be informative to keep track of those uses and their connections to changes in classroom instruction.
Several practical suggestions have been derived from the analysis of the video component of TIMSS. For example, in a leadership journal targeting principals, Roth and Givvin (2008) summarize four main findings from the video study, two for mathematics and two for science, and they make recommendations for taking action. In the case of mathematics, Roth and Givvin highlight that in all countries except Japan, there was a strong emphasis on solving problems with the intention of learning procedures and that "teachers in higher-achieving countries implement making connections to problems differently from teachers in the United States" (p. 24). Regarding the second point, they indicate that the teachers in the United States tend to simplify the problem rather than having students struggle with it, make links across ideas and concepts, generalize, or conjecture. They offer suggestions for principals, in terms of having teachers participate in professional development opportunities that would increase their mathematical content knowledge, give them opportunities to observe how teachers challenge "students to think about mathematics," help them "break the pattern of simplifying problems," and reinforce the idea that "students should struggle with important mathematics" (p. 24).
Lesson study
The Japanese lesson study is a process by which teachers collectively plan lessons that then are implemented in the classroom; teachers observe and take notes, and the observations and notes are used for refining the design of the lesson. The lessons become "research lessons" which are refined over time. This strategy has a very long tradition in the Japanese educational system. Lesson study was brought to the attention of U.S. researchers in the late 1980s (Lesson Study Research Group, n.d.), thus predating both TIMSS and PISA. The high performance of Japanese students in TIMSS prompted questions about Japanese instruction, and in particular about the possibility of using lesson study as a professional development strategy that could spur changes in instruction in the United States (Hiebert & Stigler, 2000) . A website is maintained by Teachers College at Columbia University for archival purposes and contains many documents, research papers, and manuals about lesson study.
12 According to the site, by May 2004 nearly 2300 U.S. teachers in 32 states and 335 schools had been engaged in some form of lesson study. Most of the documentation on this site refers to understanding the method itself: What are the challenges for implementation? And what are the potential outcomes of using it in professional development (Lewis, Perry, & Hurd, 2004; Lewis & Tsuchida, 1998) ? The papers highlight the need for collaboration and for school reorganization (Watanabe, 2003) , and in particular highlight the need of making time for teachers to meet and study (Liptak, 2002) .
In New South Wales (NSW), Australia, there was also an attempt to adapt lesson study as a professional development program since the Department of Education and Training initiated the lesson study project in 2001. Initially only three secondary schools took part, but by the end of the project in 2004, the number of schools in the project had grown to 200. The lesson study evaluation data in 2002 based on 117 teacher reports from 81 schools showed that the program had succeeded in changing teacher practices and beliefs. The teacher participants, when comparing the focus lessons to their normal practice, reported using more practical activities, concrete materials and technology, new teaching procedures and intellectually challenging mathematics as well as increased collaboration among colleagues. In a follow-up survey conducted 6 months later, 63% of the respondents (N = 64) reported continuing to use the lesson study model of planning, evaluating, and refining to develop further lessons (White & Southwell, 2003) . Lesson study has continued to be promoted in NSW government schools across many subject discipline areas although mathematics remains the main subject of study. Examples of lessons are displayed on their website.
13
Over the past decade, there has been a spread in the use of lesson study as a professional development program in many other countries. Some of this increase in dissemination was due in part to the efforts of the Japan International Cooperation Agency (JICA), which provides international aid to developing economies. Through the collaborative efforts of JICA and experts, lesson study was introduced to several countries: Cambodia, Colombia, Egypt, Ghana, Honduras, Indonesia, Kenya, Laos, the Philippines, and Thailand (Hattori, 2007; Inprasitha, 2007; Kimura, 2007; Koseki, 2007; López & Toro-Álvarez, 2008; Odani, 2007; Okubo, 2007 ; N. Saito, 2007; Shimizu, 2007; Yoshida, 2007) . In addition, the Asia-Pacific Economic Cooperation (APEC) has since 2006 hosted a project in conjunction with the University of Tsukuba, Japan, and the University of Khon Kaen, Thailand, to popularize lesson study. The project grew out of the recognition that lesson study constitutes an important approach towards developing human resources, especially the expertise of teachers in mathematics classroom instruction. Five cycles of conferences had been held as of 2011, and reports of the activities related to lesson study in the APEC countries can be found on the conference website.
14 Much of the available literature documents the challenges in adapting the lesson study approach. Its use in Japan was very much intertwined with the culture. Compared with teachers in Australia, for example, Japanese teachers hold on less to the notion that the classroom is a private professional space (White & Lim, 2008) . Thus, although the lesson study approach to professional development may be versatile, there are probably cultural challenges that need to be addressed in its adoption and implementation. Indeed, Hiebert and Stigler (2000) propose that in order to change instruction, teachers need to "learn in context," that is, in their actual practice, and locate "substantive decisions for improving teaching within the schools and classrooms where teaching occurs" rather than having those decisions made "up the bureaucratic ladder" (p. 9). They remind educators that systemic and cultural change is slow but that it happens, and propose using the process of lesson study as an ongoing professional development program that is carried out within schools, within the context in which teaching happens and attending to students' learning. Lewis (2011) reported the use of toolkits and Japanese textbooks in lesson study groups in the United States. The toolkits were used to provide support for elementary teachers to teach various mathematical concepts. The initial findings of a randomized controlled trial on the topic of fractions showed that there were significant improvements in both students' and teachers' knowledge as compared with teachers in other professional development programs (Perry, Lewis, Friedkin, & Baker, 2011) .
The spread, implementation, and success of lesson study as a professional development strategy can thus be traced back to the first TIMSS Video Study. The link is indirect, but it was the TIMSS Video Study that first drew worldwide attention to lesson study as a viable teacher professional development approach that had proved to be very successful in Japan. As with other cross-national adaptations, there are always limitations and challenges because of different cultural settings. Through the hard work, efforts, and creativity of teachers and researchers, lesson study has proven to be a sustainable teacher development approach, as is shown in the case of the United States (Perry et al., 2011) .
Texts for teachers
One way in which countries have attempted to reach teachers is by making more information available for their use, typically translations of frameworks and results reports. We found in addition, however, two cases-Mexico and the United States-in which there were textbooks developed with the intention of training teachers in specific aspects of practice.
Mexico has participated in PISA since the first study, and its results have motivated many reactions within the country (Rizo, 2006) . One of them has to do with informing and training teachers for PISA. The webpage of the INEE (National Institute for Educational Assessment) 15 contains many documents of different types: national reports, results analysis, research protocols, and materials for teachers. PISA in the Classroom: Mathematics (Aguilar & Loejo, 2008) explains the PISA project and the notion of mathematical competency. The core of the book contains several curriculum designs for the classroom on quantity, change and relations, and probability. These designs contain tasks that follow the PISA framework.
The sensational and consistently high performance of Singapore in the international tests has led many to inquire about their curricular organization. Their mathematics textbooks, being in English, have certainly facilitated their incorporation into classroom practice. In the United States, there is a professional development package that includes booklets, videos, and lessons that teachers can use in their classrooms and that capitalize on the "Singapore method" for solving problems. With titles such as: Place Value, Computation & Number Sense (Chen, 2010a (Chen, , 2010b ; 8-Step Model Drawing: Singapore's Best Problem-Solving MATH Strategies (Hogan & Forsten, 2007) ; Problem-Solving Secrets from the World's Math Leader (Hogan, 2005) 
; and
Step-by-Step Model Drawing: Solving Word Problems the Singapore Way (Forsten, 2010a (Forsten, , 2010b Walker, n.d.) , the books seek to illustrate how the Singapore textbooks organize the content across strands, how models are used, and in what ways can such a presentation and way of thinking reach all students and increase students' understanding of mathematical notions. There are also publications, for teachers, to include parents in the process (Chen, 2008) . All these efforts have been made at the elementary level, and there are no reports about spread of use or impact in the classroom (except for testimonials on the back covers of the books).
Textbooks (Influence 7)
. There are at least two ways in which we were able to track down influences of the studies on textbooks: Some countries are using the frameworks to design textbooks, whereas others are directly importing them into the classroom. In Spain, for example, textbooks are now based on the PISA conceptual framework (Lupiáñez, 2009, pp. 231-235) , and as in the Mexican case, a number of books for teachers have been published that explain the PISA framework and relate the idea of competency to curriculum (see, e.g., Rico & Lupiáñez, 2008) . Recent studies have shown that the majority of tasks proposed by the textbooks are at a low level of competency, the reproduction cluster, with very few tasks from the connection cluster, and almost none from the reflection cluster (González, Monterrubio, Delgado, & Codes, 2011) .
The consistently high performance of Singapore and Hong Kong students has led to the development of programs that encourage U. S. districts and teachers to adopt and use their textbooks. Singapore textbooks have received more attention. A search using terms such as "Singapore," "Hong Kong," "adoption," "mathematics," "textbooks" produced about 20 results, with only three referring to Hong Kong. One study documents results of a pilot study investigating the impact of using Singapore's textbooks on student achievement. The study was conducted in different sites in the United States (Ginsburg, Leinwand, Anstrom, & Pollock, 2005) . The main conclusion is that "under favorable conditions, Singapore mathematics textbooks can produce significant boosts in achievement, but introducing textbooks alone is insufficient to achieve improvement" (p. 127). The results were conditioned by two factors: the mobility of the student population and the amount of professional development received. Schools with relatively small and stable populations showed large improvements over the 2-year period; similarly, there was a correlation between "improvements in the Singapore pilot schools and the intensity of the schools' participation in professional training, suggesting that teacher acceptance and commitment to the new Singapore mathematics program may be key to its success" (p. 127). A second important finding related to how confident the teachers using the Singapore textbooks were, which was corroborated with classroom observation. The researchers found that elementary teachers felt underprepared to teach with the materials, admitted that they had not understood many of the concepts they were supposed to teach, and nearly 40% struggled with implementing the curriculum. About one fifth of the teachers who received intense training successfully implemented the curriculum, whereas only 7% of teachers who received less training were successful.
In general, the teachers noticed that the Singapore textbooks offer a deeper treatment of mathematical topics, returning to a topic only to teach it with more depth. They liked the books' visual explanations that explained abstract concepts concretely and the numerous multistep problems. The teachers also identified challenges in bringing these new textbooks and methods into U.S. classrooms. For example, it would be necessary to have tailored professional development to understand the Singapore method and to learn ideas for dealing with students who have weak backgrounds or who have not been exposed to the Singapore curriculum before. Other problems included the lack of real-world examples, the use of unfamiliar terms, and the unclear alignment between the Singapore content coverage and the state-mandated standards, all of which might require using supplemental material. In addition, because the Singapore curriculum assumes a spiral progression, a successful implementation would require an adoption as early as kindergarten. Finally, the Singapore textbooks do not revisit topics later on, something that is very typical in U.S. textbooks, and thus there are no provisions for teaching or reteaching notions that have not been mastered. The study concludes with suggestions for further studies on five areas: (a) comparison of content coverage and sequencing at the state level with those of Singapore; (b) extensive textbook analysis to identify features that could be used in U.S. textbooks (the emphasis on pictorial representations appears to be a feature that would benefit special education or limited English students); (c) comparison of performance on assessment by Singaporean students with national tests, such as NAEP, and by U.S. students with Singaporean examinations; (d) changes in how teachers are tested with the PRAXIS test, suggested by an examination of the alignment of this test with the entrance tests used in Singapore to select students for Singapore's National Institute of Education; and (e) extending the piloting of the Singapore textbooks in other schools, using the versions for the American market.
Summary. It appears to us that the story of how the studies have influenced teaching and learning within the participating countries is varied. Clearly there has been more reaction in countries that did not show outstanding student performance in either the TIMSS or PISA, although there were countries (e.g., Denmark) for which an average performance was also a trigger for reflection. The effects of the international studies seem to be exemplified in countries such as the United States, Spain, and Germany, but certainly effects have been felt in other countries as well. Moreover, it is noted that these three are developed economies with the availability of more organized and advanced facilities that have perhaps made it possible for these initiatives to be planned and implemented. In the United States, it is a story of many efforts, borne out of specific interests, rather than from a common concerted collaboration to address any given particular issue. There are many initiatives, but they seem to be carried out without any agreed-upon plan or goal. They appear to be left to individual states, researchers, schools, and practitioners. In countries with a more centralized organization, the efforts appear more coherent, with possibly Germany being the country in which efforts were most focused.
There are two salient themes at the policy level that have important, and perhaps immediate, implications for the classroom: the increased interest in centrally defined standardized testing and the increased autonomy given to schools for designing curriculum that fits their local conditions. Central agencies are moving away from prescribing what should be learned, when, and how; limiting their prescriptions to a few core content topics and competencies; and giving schools and teachers the responsibility to complete the design of their curriculum. The appearance of standardized tests is the mechanism by which bureaus can control and verify that core content and competencies are indeed being implemented and achieved. One peril of this approach might be the convergence towards a narrower list of content and competencies, which might over time determine what schools and teachers will "design" locally for their classrooms. These initiatives seem to flourish in countries where there are no centralized curricula, such as the United Sates. These initiatives have not been documented in countries that fully prescribe a national curriculum, although Singapore is starting to experiment with the idea of giving more autonomy to schools while maintaining the central control of examinations.
It is unclear what the impact of the studies in the classrooms can be for countries in which student performance is high. In Singapore, for example, the Centre for International Comparative Studies (CICS) was set up in 2009 within the National Institute of Education. The aim of the CICS was to encourage further comparative analyses, using the results from international studies to provide stakeholders with findings that could predict the factors that affect student achievement. Being situated within the National Institute of Education, which conducts teacher development, the CICS could see that the findings were more immediately used and thus influence the content of teacher education courses. But although the TIMSS may play a significant role in mathematics education in Singapore, local educators have also been quick to point out that "local stakeholders are more likely to use as main indicators the performance of students in the public examinations" (Wong, Lee, Kaur, Foong, & Ng, 2009, p. 7) , noting that local public examinations are high stakes, especially in the Asian region. Student performance is used as a criterion for university entrance and for awarding scholarships, which is very highly valued in Asian societies. It would therefore be safe to say that teachers in these countries are more likely to refer to items from the public examinations than from TIMSS in planning their lessons.
Proposing a Research Agenda to Investigate these Effects
The reader will have realized by now that we were unable to document the ways in which the international studies of student performance have exerted an influence on learning and attitudes toward mathematics of students in the participating countries and elsewhere, and that we were only tangentially and indirectly able to find some traces of their influence on the teaching of school mathematics in the participating countries and elsewhere; we did not find evidence of influence at the student level. So we have only partially fulfilled our task for this chapter.
Ferrini-Mundy and Schmidt (2005) , referring to TIMSS, invited the mathematics education community to capitalize on the many elements of the studies to further our understanding by using their results, research methods, and theoretical constructs that were generated. As has been the case with other endeavors, the research community has been the main direct beneficiary of these studies. Because of their complexity, studies of this magnitude require substantial knowhow at all levels: from design to application, and from data management to analysis and reporting. The collaboration between participating countries becomes the vehicle by which new researchers can learn new techniques and generate research agendas that use the data obtained. It looks to us that such immense benefit for the research community has yet to reach the classroom level. For example, researchers have not explored sufficiently how mathematics education stakeholders interpret the visions behind the international studies. The lack the coherence among those visions could pose constraints in the manner they get expressed in individual teachers' practice in the classroom (McNab, 2000) .
We, as a research community, have not looked at the effects of international studies from a global perspective. Yore, Anderson, and Chiu (2010) claim, in relation to the PISA study, that many in the mathematics and science education research communities lament the lack of influence that research results have on the education profession, schools, and teaching. Academic research done in isolation of end-users-with the faint hope that teachers, politicians, and bureaucrats will access and utilise these results to inform curriculum, assessment, and instruction and to influence public policyhas not worked. (p. 593) We believe that as researchers of student achievement in international contexts, we need to take responsibility for improving the knowledge transfer of the results from these studies into the places in which it matters: the schools, the classrooms, and the students, and to do so in a concerted and planned way. Isolated work runs the risk, as we see here, of not having an impact on the ground level, where all the policies, mandates, and guidelines are enacted. In what follows, we propose several areas that merit attention from the research community and that can have direct impact on classroom practice, with the intention of providing some coherence to the work that needs to be done to understand the impact of the international studies at the classroom level.
Some Research Questions
In the following, we propose work that is geared towards understanding how main curricular ideas (e.g., competencies) and processes (e.g., localization of curriculum design) get interpreted and used differently at each of the intended levels, and how those interpretations mediate what teachers do for planning and enacting lessons. We, thus, assume that the influences we have described here are real (represented with gray arrows in Figure 6 ), and propose to study how they might influence teachers' work, and hence, students' learning and attitudes (represented by a black continuing arrow in Figure 6 ). The arrows make a connection to the classroom, both in the intended and the implemented levels of curriculum, because it is at these levels where teaching is planned and implemented and learning takes place. We first propose questions related to the idea of competencies and about the use of frameworks, that is, we consider how the influences represented by Arrows 1 and 2 affect the level of intention for the classroom and the implementation processes. The next set of questions refer to influences represented by Arrows 3, 4, and 5, regarding three related aspects of curriculum control, design, and management; namely, the localization of curriculum design, the emergence of standardized testing, and the use of datadriven approaches in local reform. Finally, we consider influences from Arrows 6 and 7, regarding teacher preparation and development and textbook use. In Figure 6 , we highlight that we are attending to two levels of our curriculum framework: the intended classroom level, and the implemented. We mark this attention by the dark line surrounding these two levels. This is why all the arrows, except 4, point to this area in the drawing. In what follows, we identify these questions by the corresponding numbers in the figure. 
Attained
1. How is the idea of competency that guides the PISA framework being interpreted and transformed at the national, regional and district levels of curriculum? And how do schools and teachers interpret and use this idea when they plan and develop the curriculum in the classroom? 2. How are the frameworks of the international studies interpreted and implemented at national, regional and district levels of curriculum? And how are these interpretations and implementations used by schools and teachers at the classroom levels?
There is a growing interest in the notion of competencies-particularly in Europe-as a way of establishing longterm learning expectations by students that empower them for participating in society. It will be important to see how this notion plays out in countries in which content has been traditionally more valued than competencies and, in particular, to understand how competencies are playing a role in the push towards localization of curriculum design. Because some initial information suggests that teachers' interpretations might be at odds with original intent of competencies, understanding the way in which teachers interpret and use the notion of competencies in their daily work (for planning and for delivering instruction) is very important. We envision analyses of the transformation of the idea of competencies at different levels of the curriculum; how it is interpreted at the national, regional, or local levels; and how these interpretations influence teachers' work. This knowledge would help researchers in organizing professional development strategies that can be more effective in making the idea of competencies more transparent, and thus generating potential benefits for planning and implementing instruction in the classroom.
The different nature of the TIMSS and PISA frameworks also calls for contrasts of their influence on classroom processes. The frameworks are fundamentally the studies' backbones; yet, although we know that they have had some impact, there is little documentation on the nature of such influence. We do not know how these frameworks are interpreted at the different levels of the curriculum, and in particular, whether and how teachers use them for planning and teaching, nor whether the different nature of these frameworks is enacted in practice. If such differences were documented, then education systems could decide whether an approach that is more content oriented such as TIMSS would be better suited for its needs than an approach like PISA's that values the development of life-long skills.
Curriculum control, design, and management. Our second set of questions refers to studying the process of localization of curriculum design, the role of standardized tests, and the ways in which data-driven approaches support change. We ask:
3. What is the influence of the localization of curriculum design on the work of teachers in schools and what is its impact on the teaching and learning of mathematics? Why does it seem that this policy works in some countries and not in others? 4. How are the national standardized tests being aligned with the international studies' tests?
And how is this influence reflected on what is taught and learned in classrooms? 5. In which ways do data-driven approaches influence the teaching and learning of mathematics?
We start by proposing the study of the impact of the localization of curriculum design, by which we mean the movement towards having schools and teachers produce the curriculum they will teach. Because greater responsibility is placed on schools and teachers for generating curriculum and because of concerns in some countries that teachers are not ready to assume this work, it is very important to document how such process happens. Therefore, the studies that we propose are descriptive: What does it mean for school and teachers to produce the curriculum? What resources do they use? What are the characteristics of such curriculum? Are there variations across communities that take into account the local contexts in which the curriculum is developed? What is the impact on students' learning and attitudes? Such studies would provide important information about how teachers are interpreting the task of curriculum design, the role that textbook companies play in the process, and the quality of the curriculum proposed. As mentioned before, there is some indication that in some countries teacher education programs are not preparing teachers to do this work (P. Gómez & Restrepo, 2011) and that schools have little resources to engage in this process. A second key aspect is to better understand why the localization of curriculum design is so successful in some countries and why it is harder to carry out in others. The current status of this process presents itself as ripe for such studies, as some countries have a long tradition of localized curriculum design (e.g., Finland) and some are entering this process (e.g., Colombia, Germany, and Spain).
Next, we ask about the alignment of national standardized tests and the tests used in the international studies. Because of the increased push to localize the process of curriculum design in some counties, and because of growing concerns that educators are moving slowly into a "global curriculum" defined by the content and competencies assessed in these tests, it would be important to determine the rationale behind and the extent to which newly created (and already existing) standardized tests align with the international studies tests. For some education systems, this alignment is not an issue, because the international studies tests do not have the same prominence as their national tests. In countries in which new tests are being created, and in countries in which the tests are being revised, the issue is fundamental. A close alignment would suggest a strong influence from the international studies on the education system. These studies require the collaboration between researchers in charge of the international studies in each country and their counterparts in the bureaus of education or assessment agencies. In the cases where this alignment is strong, it would be important to study the extent to which these tests are becoming an important influence on what teachers do in planning and implementing lessons: Are teachers concerned with preparing their students for the tests? In which ways? What do teachers do to prepare their students for these tests?
Finally, we ask about the extent to which data-driven approaches that use the results from the TIMSS and PISA studies can indeed influence classroom practice. We described the PROM/SE project, an effort to bring the strategy to a large number of schools to generate processes of administrative, curricular, and pedagogical change. This project is not directly tied to an international study, but it is tied to results of local standardized tests (which might become more aligned to international studies tests!). It would be important to see the extent to which such high investment of resources in collecting information about student learning, studying ways to modify practice, implement and study the changes, and revise plans, is feasible for organizations like schools, whose primary mission is to teach children.
These three areas are closely connected: The localization of curriculum requires accountability through national or common standardized tests, and the tailoring of the curriculum requires a sustained study approach in order to obtain high results on the standardized tests. A peril of this close relationship is the convergence towards an impoverished view of content and competencies both in the definition of the curriculum and in the definition of the tests (Moss, 2004) . In other words, the quality of the results will depend substantially on the quality of the international studies tests and the national standardized tests because in many countries that have national standardized tests what is taught and partially learned is essentially what the agents (schools, teachers, and students) know will be assessed. National and international standardized tests more and more are not just assessing the students; the tests also assess teachers, schools, districts, and regions, and thus, students act as informants for assessing educational systems at all levels.
Teacher preparation and development and textbook use. Perhaps the most important area for research relates to the preparation of the teaching force, its continued development, and the resources that are being made available to teachers. In particular, we ask:
6. In which ways have international studies influenced the design and implementation of teacher education and professional development programs? And how do these new programs get reflected in what is taught and learned in the classroom? 7. How have textbooks from other countries been adapted and used? And what impact have these textbooks had on classroom processes?
A first step to answer questions about teacher preparation and development is documenting how widespread the use of international studies frameworks and research findings is in this area; this documentation can provide information about the ways in which the design and development of programs for teacher preparation and development have been influenced by the studies, and in which places each study has been more influential.
Beyond that use, it would be important to find out how teacher educators and teachers use resources such as lesson study, videos, or texts geared to teachers in planning and delivering their programs. It is unclear from our conversations with various teacher educators whether these resources are being used exclusively; rather, it appears that these resources are one among many that are used. This area is perhaps the one that is most important and that requires the most resources and time. It is the most important because it is the closest to studying the teaching and learning processes as they are envisioned and as teachers enact them. Such studies, however, require continuous involvement with the teachers; from the moment they participate in a teacher education program or a professional development course, to the process of planning a lesson, enacting, and assessing it. Collecting information about all the aspects of this learning process, including measures of student learning, would be necessary to understand the impact of these resources in the classroom.
Finally, there are the textbooks that have been "imported" into many classrooms and used in many different ways. If the Ginsburg et al. (2005) study is illustrative, we can anticipate many barriers to seamless adoption. Yet more interesting is to understand how teachers consider these textbooks as additional resources that they can draw from as they plan their lessons. Because the artifacts that teachers use get transformed over several iterations (Gueudet & Trouche, 2009 ), longitudinal study is fundamental in order to understand such transformations and how they may affect the way lessons are designed and enacted.
Concluding Remark
The intricate connection that exists between these three areas-competencies and frameworks; curriculum control, design, and management; and teacher preparation and development and use of textbooks-is evident in our proposed research agenda. The international studies are playing an important, although subtle, role in shaping the landscape of curriculum design, implementation, and attainment. The lack of concerted efforts to trace their influence at the classroom level should be a cause for concern. To paraphrase an old saying, "All roads lead to the classroom." In the end, therefore, the substantial investments of money and effort that the international studies of student achievement require ought to have one single purpose: to improve teaching in order to improve learning. Collecting evidence in a systematic way may prove beneficial to achieving this ultimate goal.
